The erythrocytes of several species of mammals have been shown to be susceptible to the avian malaria parasite Plasmodium lophurae (1, 2). This was done by the intravenous injection of the washed erythrocytes into chick embryos infected with P. lophurae. Of 18 species of animals tested, the erythrocytes of the baby rat (1), pig, mouse, rabbit, and possibly man (2) were invaded by the parasite. It was apparent that in these animals the erythrocyte cannot be greatly concerned in the resistance of the intact creature, whereas in others the cell as such offered a barrier to invasion by the parasites of P.
INFECTION BY PLASMODIUM LOPHURAE OF DUCK ERYTHROCYTES
wing vein, into 27 rag. per cent heparin in saline, 0.1 ml. of heparin solution to 1.0 ml. of blood. The erythrocytes were washed twice in several volumes of 0.85 per cent sodium chloride solution and sufficient saline was added to make up a final volume of equal parts packed cells and saline. 0.2 ml. of this suspension was injected intravenously into 10-day-old chick embryos which had been inoculated with P. lophurae 2 or 3 days previously. Blood films (1) were made just following the introduction of the experimental erythrocytes and at various intervals thereafter; they were stained with Giemsa's stain. Counts of erythrocytes and parasites respectively were large enough to exclude a probable error of more than 15 per cent (6) . The injection of uninfected or infected duck erythrocytes produced no apparent reaction in the embryo, and with few exceptions there were no embryo deaths.
FIG. 1. Photomicrograph 1 of blood film from an infected chick embryo 4 hours after the intravenous injection of duck erythrocytes previously uninfected. A, chick embryo erythrocytes. B, duck erythrocytes, one containing a young trophozoite. X 1545.
EXPERIMENTAL RESULTS

The Morphology of the Erythrocytes of the Chick Embryo and the Adult Duck
T h e erythrocytes of 10-to 13-day-old chick embryos were found to be, in general, more rounded than those of the hatched chicks. T h e principal difference between the chick e m b r y o erythrocytes and those of the adult duck lay in the shape of the nuclei. T h e nuclei of the embryo erythrocytes were nearly spherical, with clearly distinguishable chrolnatin masses (Fig. 1, A) , while those of the duck were almost spindle-shaped and stained a homo-1 Photograph by Mr. J. A. Carlile.
geneous color with Giemsa's stain (Fig. 1, B ). Other differences, for example the slightly greater ~ty of the cytoplasm of the duck erythrocyte for eosin and the general ellipsoidal form of the entire cell, were by no means consistent and could be used only as suggestive evidence of the species of erythrocyte. In older, uninfected chick embryos, the erythrocytes were much more difficult to distinguish from duck ceils, and as a consequence only infected embryos of less than 14 day's incubation were used. 
Tke Susceptibility of Uninfected Duck Erytkrocytes
Experiment 1.--0.2 ml. of washed, resuspended cells from an adult female duck was injected into an allantoic vein of 6 infected chick embryos which had received malaria parasites 2 days before. Just after injection, blood films were made and the parasitemia was found to be from 2700 to 5000 parasites per 10,000 chick erythrocytes (average 3600). From 100 to 190 parasites (average 140) per 10,000 duck erythrocytes were observed at 1 hour, 160 to 440 parasites (average 277) at 2 hours, 310 to 738 (average 460) at 3 hours, and 450 to 800 (average 600) at 4 hours after introduction of the foreign erythrocytes. At the end of 4 hours the parasitemia in chick cells had decreased in embryos 2, 3, and 6; was the same as at 0 hour in embryo 1; and was increased in embryos 4 and 5 (see Fig. 2 ). Fig. 2 shows that during the period of observation in this experiment the number of parasitized duck cells steadily increased whereas the amount of invasion of the chick cells remained approximately constant. This constancy may have been due to the failure of any new chick cells to become infected, or on the other hand the amount of new infection of them may have been balanced by the amount of loss. In order to explore this possibility further, 3 more experiments were performed like Experiment 1 except that counts were made at 4 and 24 hours. The 4 hour period was selected because the parasitemia had assumed proportions which allowed for accurate counts and because it was thought that the time was short enough to minimize any changes occurring in the duck cells because of their presence in a foreign environment. The 24 hour period, although not considered as too accurate an indication of infectivity, was chosen to determine whether the presumably greater degree of susceptibility was still apparent after a relatively long interval of time. Fig. 3 presents fewer instances than were studied but taken as a whole they are representative instances. Those not shown were omitted to avoid undue complication of the charts.
Experiment 2 (Fig. 3 A) .--The average paraskemia of chick erythrocytes in the initial films was 674 with a range of from 233 to 1250 parasites per 10,000 chick erythrocytes. After 4 hours the average parasitemia in duck erythrocytes was 214. In 7 embryos out of a total of 14, the parasitemia had decreased, as figured in embryos 7, 9, and 11, while in the remaining 4 embryos there was a small rise in the numbers of infected chick cells, as shown in embryos 8 and 10. After 24 hours, infections of the duck erythrocytes were comparable to those in the chick.
Experiment 3 (Fig. 3 B) .--The average chick cell infection was 1354 parasites per 10,000 chick erythrocytes. After 4 hours the parasitemia in chick cells had decreased in a manner shown in the infections in embryos 12, 14, and 15, remained approximately the same in one embryo, 13, and had increased in embryo 16. As in Experiment 2, the infection of duck cells approached that in chick cells after 24 hours.
Experiment 4 (Fig. g C) .
--The average parasitemia per 10,000 chick erythrocytes was initially 4456. There was no increase in the number of parasites in chick erythrocytes in the 3 embryos at 4 hours, but the parasitemia in duck erythrocytes was somewhat higher (513) than in the preceding experiments. After 24 hours the average parasitemia in duck erythrocytes, although higher than in previous experiments, did not exceed that found in the chick red blood ceils.
For comparison, the amount of infection of 20 embryos receiving no duck cells, and with initial parasitemias ranging from 500 to 6000 parasites per 10,000 erythrocytes, was determined at 4 and 24 hours. (Fig. 2 D) . The parasitemias in all embryos with initial counts from 500 to 2000 parasites per 10,000 erythrocytes increased in 4 hours in a manner similar to that depicted in embryos 21 and 22. In embryos in which the initial parasitemia was between 2000 and 3500 parasites per 10,000 erythrocytes, about half (embryo 20) showed decreased parasitemias after 4 hours while in the remaining embryos the parasitemias increased (embryo 23). There was a decreased parasitemia in all embryos in which the initial parasitemia was 4500 to 6000 parasites, as shown for embryo 22. After 24 hours had elapsed, the parasitemias were not materially different from those of chick embryos injected with uninfected duck erythrocytes.
From these experiments it is evident that the introduction of duck erythrocytes into chick embryos with relatively slight infections at the time (less than 2000 parasites per I0,000 chick red cells) (Fig. 3 ) was followed 4 hours later by a lower rate of parasifization d chick erythrocytes than that seen in embryos infected to the same extent but not injected with duck red ceils. In very heavily infected embryos (Fig. 3 C and D) the rate of infection of additional chicken erythrocytes at 4 hours after the start of the observations was low regardless of whether duck erythrocytes were injected. In all embryos which received duck red blood cells, there was a high rate of parasitization of those cells at both 4 and 24 hours after their introduction.
It seemed possible that these results might be consequent on a high death rate d merozoites, and that the introduction of unhdecte'd duck red cells tended to decrease this death rate. In chick embryos infected with P. Iop]mrae the mean number of merozoites per segmenter has been found to be 15. An approximate estimate of the number of available merozoites can therdore be obtained by multiplying by 15 the count of segmenters. It was assumed that those parasites having over 5 nuclei at the start of the experiment (blood films prepared at 0 hour) would segment and liberate merozoites during the next 4 hours, and only these were classed as segmenters. In the blood films made 4 hours after the introduction of the duck erythrocytes, the number of new parasites in chick red cells and in duck red cells was determined. Each d these numbers was divided by the number of merozoites calculated from the initial blood film to determine the percentage of merozoites entering each type of erythrocyte. The sum of these percentages subtracted from 100 gave the merozoite death rate.
Experiment 5.--Five sets of embryos were used in which the mean parasitemia ranged from 700 to 5800 parasites per 10,000 chick erythrocytes in initial blood films (Table I) . When the initial infection in the chick embryo was slight (700 to 1300 parasites) the death rate of merozoites was approximately the same in both uninjected embryos and those receiving duck cells. When the initial infection of the embryo reached 3500 parasites the death rate of merozoites in uninjected embryos was 96 per cent, while in injected embryos it re- mained at 80 per cent with only 1 per cent of the merozoites entering chicken erythrocytes. In 2 other groups in which the mean initial parasitemias were 4500 and 5800 parasites per 10,000 erythrocytes, 100 per cent of the merozoites died in control embryos whereas in the injected groups the death rates were 82 and 80 per cent, respectively. In neither group was there invasion of chick erythrocytes.
The experiments indicated that the merozoite death rate was not materially altered when duck erythrocytes were introduced during early stages of the chick embryo infection, but later, when the parasitemia had reached a higher level, the introduction of duck cells was followed by a significant lowering of the death rate of merozoites below that found in comparable infections in embryos not injected with duck erythrocytes.
The Effect of Parasitizatlon on the Susceptibility of Duck Erythrocytes to Infection with P. lophurae
The high merozoite death rate in uninjected embryos which were undergoing heavy infections, as contrasted with the continued low death rate in embryos receiving duck erythrocytes, indicated that some mechanism might be oper-ative in the latter which rendered infected chick erythrocytes less susceptible to infection. If this hypothesis were correct, the introduction of markedly infected duck erythrocytes into embryos undergoing relatively slight infection of their cells would result in a diminution of the numbers of merozoites entering duck erythrocytes and a return, in the chick embryo, to the death rate usually associated with the stage of infection initially present. To test the hypothesis, the red cells in samples of blood representing various degrees of duck cell infection were washed and injected into infected chick embryos.
It was essential that the introduced duck erythrocytes should not contain excessive numbers of segmenting parasites, since the liberation of merozoites from these cells would complicate any counts made in relation to the disposition of merozoites. Fortunately the re- production of P. lopku.rae is more nearly synchronous in the duck than in the chick embryo and samples of duck blood could be obtained with negligible numbers of segmenters. In all experiments the percentage of segmenters in the duck erythrocytes was determined, the numbers of merozoites calculated, and the combined merozoite count used as a base for figuring the death rates of merozoites. No less than 6 embryos were used to an experiment.
Two methods of calculating the disposition of merozoites were used. The first was similar to that described in previous experiments: that of estimating the percentages of merozoites entering chick or duck cells and those dying. The second was devised to determine whether it required the presence of 1, 2, 3, or 4 parasites in a single erythrocyte to assure insusceptibility. This was done by making counts of 100 infected duck erythrocytes and obtaining the percentage of cells with 1 to 4 parasites in a given infection, both at the time of introduction of the foreign cells and after 4 hours.
The results of these tests (Table II) indicated an over-all decrease in the rate of penetration by parasites into infected erythrocytes. When the number of parasites was small the rate of penetration into duck cells was practically the same as when uninfected duck cells were present. As the parasitemia in duck erythrocytes increased, the rate of merozoite penetration decreased, until at the time when the parasitemia reached 84 parasites per 100 duck erythrocytes, there was no longer any invasion of duck ceils and the merozoite death rate was similar to that in uninjected embryos. In series 6 G the initial chick cell infection was only 465 per 10,000 red cells and after 4 hours it had increased markedly with only 83 per cent of the merozoites dying. A similar infection with approximately equal death rate can be seen in Table I , Experiment 5 A.
Differential counts of parasitized erythrocytes were uniform in all instances, in that there were no shifts in the direction of triply or quadruply infected duck ceils after 4 hours (Table III) . There was some increase in the number of cells having 2 parasites, indicating that the presence of a single parasite did not reduce the cell susceptibility. In heavily infected erythrocytes the differential counts were essentially unchanged after 4 hours; with the exception of series H. In this group of embryos there was a rather decided shift toward an increase in numbers of singly infected erythrocytes.
DISCUSSION
When duck erythrocytes were introduced into chick embryos infected with P. lophurae, the number of parasites which had entered the foreign cells by the end of a 4 hour period was always greater than the number which had newly entered chick embryo cells. If the infection of the chick embryo was slight (between 700 and 1300 parasites per 10,000 erythrocytes), the death rate of the merozites was unchanged by the introduction of duck erythrocytes. With heavier infections the higher death rate of the merozoites ordinarily seen in embryos receiving no duck cells was not in evidence if these latter had been introduced. Instead the death rate remained similar to that in embryos during infections of less intensity. The introduction of duck cells, therefore, provided erythrocytes which were not only uninfected but more susceptible to infection than chick embryo cells. The combination of these two conditions reduced the death rate of the merozoites by affording hosts for them when in the free state.
The results presented in Table I suggest at first glance that when duck erythrocytes were present there was no invasion of fowl cells by merozoites. However, the observed maintenance of the level of parasitemia or even a slight decrease in this would indicate that the rate of invasion was sufficient to balance the reduction in infected chick cells as a result of destruction of these latter by segmenting parasites.
Since in vitro studies (7) have shown that merozoites have no power of independent movement, the possibility of their seeking out the erythrocytes of the duck in preference to those of the chick can be excluded. The initial contact between the merozoite and the cell must, therefore, be brought about as a result of contact of the erythrocytes and the parasites in the circulating blood stream. Inasmuch as the proportion of duck cells to total blood cells never exceeded 30 per cent (average 20 per cent) the rate of contact of the merozoite with chick erythrocytes would be from 3 to 5 times as great as it would be with the duck red cells. The effect of parasitization of the chick erythrocyte on susceptibility to its further parasitization is not known. If, however, it be assumed that the presence of a single parasite decreases the susceptibility of fowl cells, a recalculation of the numbers of duck to chick cells counting only the uninfected erythrocytes, would, in embryos with relatively slight infections, still show considerably more fowl than duck cells. Thus it is apparent that in spite of the inability of the merozoite to move independently, and in spite of the greater numbers of chick cells, the rate of penetration of the duck cells by the parasites was greater than that of the chick embryo cells.
One possible explanation of the selective invasion of the duck cell is that there are, in susceptible cells, only certain areas which are receptive to penetration. The fewer the areas the greater the likelihood of the parasite failing to become associated with the cell membrane. If, in the duck erythrocyte, these presumptive areas are a great deal more numerous than in the fowl cell, the possibility of parasitization by the merozoites will be more considerable.
It is plain from the findings of Table III that when the duck erythrocyte already contains 2 or more parasites at the time of its introduction into the infected embryo it has been altered in such a way that subsequent penetration by merozoites becomes more difficult. The resulting barrier is not completely impenetrable, however, since as many as 4 parasites per erythrocyte are sometimes present in ducks undergoing heavy infection (see Table III , 6 H). The experiments of Rigdon and Varnadoe (8) and Becker a al. (9) suggest that conditions somewhat similar to those observed in these studies obtain in intact animals. Following repeated transfusions of infected ducks with uninfected duck erythrocytes, they observed, instead of crisis or death of the animal, the main-tenance of the parasitemia at a high level. Although they offered no explanation for this phenomenon it seems to the author that, as in the chick embryo, the transfusion of non-infected erythrocytes afforded the merozoites greater opportunities of penetrating new cells and thereby saved them from wholesale destruction because of an inability to penetrate multiply infected erythrocytes. SUMMARY Certain morphological differences render it possible to recognize duck erythrocytes after introduction into the circulating blood of chick embryos infected with P. lophura~. 4 hours afterward, considerable numbers of merozoites have entered duck erythrocytes, while the parasitemia of the chick itself remains essentially unchanged in degree. By estimating the numbers of potentially invading merozoites from blood films made at the time of introduction of duck cells, it was learned that a relatively constant rate of invasion into duck cells by merozoites was maintained. In counter-distinction there was an ever increasing merozoite death rate in embryos not receiving duck cells concurrent with the increase in numbers of parasites. After the injection into parasitized embryos of duck erythrocytes showing but few parasites, no difference was apparent in the rate of merozoite invasion into the introduced cells and the host cells, respectively; but when the percentage of duck cells was greater, the rate of merozoite penetration diminished to zero. The selective penetration of duck erythrocytes which, under the experimental conditions obtaining, constituted only 30 per cent of the total cell numbers of most, and the inability of the merozoites to move independently, taken together, suggest that the greater susceptibility of the duck erythrocyte may be due to greater numbers of accessible areas on its surface. The decreased susceptibility following parasitization indicates that the presence of the parasite alters the cell in such wise that entry of additional parasites is rendered more difficult.
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